between different species, or that exosome subunits Based on copurification, the yeast exosome is a protein may be able to function individually. To resolve these complex that consists of a core of at least ten proteins issues, the analysis of mutant alleles of exosome sub-(Rrp4p, Rrp40p to Rrp46p, Mtr3p, and Csl4p; Table 1; units that separate exonucleolytic activity from assemAllmang et al., 1999a). The stoichiometry of the different bly will be needed. subunits is unknown, but the sedimentation of the exoSimilar to the proteasome, the exosome is present in some in glycerol gradients (300-400 kDa; Mitchell et al., both the nucleus and the cytoplasm. This conclusion is 1997) is consistent with a single copy of each subunit. based on immunolocalization of core exosome subunits Strikingly, all ten subunits have been proposed to be and biochemical fractionation (Kinoshita et al., 1991; active 3Ј-to-5Ј exoribonucleases (Allmang et al., 1999a) .
this point. These observations argue that the core exoSome advantages for the assembly of multiple degrasome and the associated Rrp6p function to perform dative enzymes into a single complex have come from distinct processing steps on the same RNA substrate. It the analysis of the proteasome. In this case, the advanis possible that there will be distinct steps, or reactions, tages of assembly are tightly linked to the structure of carried out by individual members of the core exosome the proteasome wherein the active sites are arranged as well. Examination of this possibility will require the within a central cavity that is not freely accessible to construction and analysis of specific mutations that inmacromolecules. This sequestration of active sites reactivate a single exosomal nuclease without affecting duces the rate at which incorrect substrates are cleaved.
the assembly and function of the remainder of the exoConversely, by having a committed step of entry into the some. However, it should be noted that in cases where degradative compartment it may decrease the chance of the product of one enzyme is the substrate for the next terminating processing or degradation prematurely. In enzyme, it would be highly advantageous to have the addition, the sequestration of active sites allows for the multiple enzymes in a single complex. separation of substrate recognition from the actual deg-
RNA-Exosome Interactions radation, thereby allowing more flexible regulation of
What determines whether the exosome degrades a subboth. If the active sites of the exosome subunits are strate completely, as it does with mRNA, or processes similarly arranged in an internal cavity, then these advanthe substrate to a shorter form, as it does with 7S pretages are likely to apply to the exosome as well.
rRNA? One possibility is that processing substrates conPart of the explanation for the presence of multiple tain distinct secondary structures or bound proteins that exonucleases in the exosome may be that not all of stop the exosome. This hypothesis is supported by the the subunits are active. For comparison, the eukaryotic observation that very strong secondary structures can proteasome consists of 14 related subunits, but only stall exosome digestion during mRNA degradation in three are thought to be active proteases while the others vivo (Jacobs Anderson and Parker, 1998). Alternatively, perform structural roles (reviewed in Baumeister et al., 1998; DeMartino and Slaughter, 1999). In contrast, all if the different exosome subunits have distinct roles then four exosome subunits examined to date have shown the processing versus decay fate may not be inherent active nuclease activity, suggesting that at least the to the substrate, but could be determined by the exomajority of the exosome subunits will be active exonuclease that acts on it. For example, mRNAs that need nucleases.
to be degraded might be targeted to a processive exoOne simple hypothesis is that the assembly of multiple nuclease, while processing substrates might be tarexonucleases into the exosome allows both for their geted to a distributive exonuclease. Consistent with this coordinate regulation, and for the delivery of a diversity possibility, isolated Rrp4 is distributive in vitro, while of biochemically distinct exonucleases to a given sub- 
